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As educators we often ask our physics students to work in groups—on tutorials, during in-class
discussions, and on homework, projects, or exams. Researchers have documented the benefits of
group work for students conceptual mastery and problem solving skills, and have worked to optimize
the productivity of group work by assigning roles and composing groups based on performance levels
or gender. However, it is less common for us as a physics education research community to attend
to the social dynamics and interactions among students within a collaborative setting, or to address
students views about group work. In this paper, we define epistemic stances toward group work :
stances towards what it means to generate and apply knowledge in a group. Through a case study
analysis of a collaborative problem solving session among four physics students, we investigate how
epistemic stances toward group work interact with social dynamics. We find that misalignment of
stances between students can inform, and be informed by, the social positioning of group members.
Understanding these fine-grained interactions is one way to begin to understand how to support
students in engaging in productive and equitable group work.
I. INTRODUCTION
With the increasing use of interactive engagement
techniques in physics education, we are more frequently
asking our students to work in groups (on tutorials1, dur-
ing class discussions2, on laboratory or classroom-based
projects3,4, and sometimes even on exams5,6). Interac-
tive engagement, which often includes group work and
collaboration, is cited time and again for being bene-
ficial for student learning as measured by performance
on conceptual assessments, problem solving assessments,
or course grades7–11. There are also many elements of
student learning that we care about beyond conceptual
understanding and content mastery. Interactive engage-
ment, including group work, can help students develop
positive attitudes towards science, and a sense of com-
munity, identity, and belonging12–17. As physics edu-
cators, we care about group work not only because it
benefits student learning, but because collaboration is a
key element of science, and because collaborative envi-
ronments can help facilitate positive experiences for stu-
dents. However, the existence of group work in our class-
rooms is not sufficient. We must also pay attention to
how it is implemented and consider in what ways and for
whom the group work is beneficial.
The productivity of group work, both in terms of stu-
dents learning and the creation of supportive and inclu-
sive environments, hinges on the social dynamics among
the participants. In a group work setting, students so-
cial identities become increasingly relevant18; despite the
many benefits that group work provides, interactions in
these collaborative settings may also lead to exclusive
or inequitable environments18,19. Some researchers have
found that groups are more effective when they are in-
tentionally formed to include mixed ability (as measured
by individual exam scores)20, or to avoid mixed gen-
der groups that are male-dominated20,21, while others
suggest that it is best to have students self assemble
into groups so that they can work with people they are
most comfortable with19. Regardless of how groups are
formed, students views about the collaborative nature of
science22 or their framing of the type of activity they are
engaged in23,24 will also impact the social interactions
among students and thus the productivity or effective-
ness of the group work. Here, we attend to an epistemo-
logical aspect of group work as a mechanism for fostering
(or undermining) equitable group participation.
In this paper, we present an analysis of a collabora-
tive problem solving session in which we identify a new
construct called epistemic stances toward group work—
views about how knowledge will be generated and ap-
plied in a group—and argue that the (mis)alignment of
these stances among group members is connected to the
social positioning of individuals within the group. We
apply this idea to examine how one student guides most
of the groups sense making, yet is simultaneously po-
sitioned as less knowledgeable. We identify two differ-
ent stances among four individual group members and
find that as one stance dominates the other in the group
sense making process, one student, whose behaviors are
aligned with the non-dominant stance, is positioned as
less knowledgeable. In this case, we argue that the mis-
alignment of epistemic stances toward group work con-
tributes to, and is reinforced by, this social positioning.
The construct of epistemic stances toward group work
brings together the ideas of epistemology25, framing26,
group work27, and social dynamics28,29, and is one way
that we can begin to understand the participation and in-
teraction among students in collaborative settings. The
purpose of this paper is to introduce this construct and
demonstrate its utility through a case study analysis.
Identifying epistemic stances toward group work allows
us to investigate the interactions between epistemology
and social dynamics and better understand the social po-
sitioning of individual group members. In the next two
sections we introduce the construct of epistemic stances
toward group work and then discuss how it fits in with
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2relative theoretical constructs in the physics education re-
search community: implementation of group work, analy-
sis or assessment of group work, epistemological framing,
and productivity of group work.
II. EPISTEMIC STANCES TOWARD GROUP
WORK
For many physicists and physics students, what it
means to know, learn, and do physics (their epistemol-
ogy of physics) includes group work and collaboration.
Likewise, what it looks like to engage in group work in
a given context can be determined, in part, by individu-
als’ beliefs about what counts as knowledge. Ideas about
the form that group work should take and how it should
function to generate knowledge may be different for dif-
ferent people. For example, in a given context, one per-
son may think that group work should involve delegat-
ing individual tasks to individual people such that each
group member contributes unique expertise or knowledge
to the larger problem at hand, while another person may
see group work as an opportunity for multiple people to
work together simultaneously on one collective task. Or,
one may view the goal of a group work scenario to be to
reach an answer to a particular problem, while someone
else may view group work as a time to collectively think
through relevant ideas or principles such that individuals
may later come to their own conclusions. These ideas
about the form that group work can (or should) take are
subsumed within the broader ideas of epistemology and
group work.
As shown in Fig. 1, we consider the domains of epis-
temology and group work to be overlapping. Epistemol-
ogy refers to beliefs about the nature of knowledge, while
group work includes collaboration among individuals and
is facilitated by social dynamics. We define epistemic
stances toward group work as views about how group
work functions to generate and apply knowledge, exist-
ing at the intersection of these two domains (see Fig. 1).
Views about the role of group work in learning physics
are subsumed by, but distinct from, views about learning
physics more generally. Similarly, views or expectations
about how group work should function exist as one ele-
ment of the broader activity of group work, distinct from
other contributing factors such as social norms or ac-
countability. Epistemology and group work have each
been the subject of extensive investigation within the
physics education research community30–32, but we now
look at the intersection. Zooming in on epistemological
views about group work allows us to gain a more nuanced
and rich understanding of students views about what it
means to learn and do physics. Specifically, attending to
students epistemic stances toward group work allows us
to investigate the social dynamics and interactions among
students that can support or inhibit productive and eq-
uitable group work.
Much like epistemologies in general, epistemic stances
FIG. 1. The construct of epistemic stances toward group work
sits at the intersection of epistemology and group work.
toward group work may be fluid and context depen-
dent33–39. The stances people enact may vary moment
to moment, and they are likely informed by a multitude
of factors—interpersonal interactions, content domain,
expectations set by the instructor, content and format
of collaborative tasks, relationships among people in the
group, etc. In identifying students epistemic “stances,
we refer to views that are enacted in the specific local
context. These views may or may not be preferences or
beliefs held by the students, and they may or may not
be robust or permanent. We identify stances or views
aligned with the students in the moment actions and be-
haviors in a collaborative problem solving context, but
do not make claims about the students’ preferences or
stability of stances beyond the local context.
There are two different stances that we identify in our
analysis. The first is the “Collective Consensus Build-
ing stance, in which group work entails generating and
making sense of ideas collectively. Aligned with this view
of group work, individuals contribute tentative ideas for
the group to collectively negotiate and the sense making
process is characterized by individuals thinking out loud
and building off of each other’s ideas. This type of col-
laboration has been described in prior research as “co-
construction”8,40,41. The second stance is “Explainer-
Explainee. Here, group work means that individuals will
come to understand the ideas at-hand and then explain
them to others, a mutual process where if you understand
something or know the answer, you then explain it to the
group42. Although we identify only these two stances in
our data, we do not claim that these are the only possible
epistemic stances toward group work. We could imagine
additional stances, and also note that these stances do
not have to be fixed—there could be many stances or
blends of stances that individuals or a group as a whole
might take up. The goals of this paper are to introduce
the construct of epistemic stances toward group work,
identify the two above-mentioned stances as examples of
the construct in the data, and explore how these stances
(and the misalignment between them) can interact with
the social dynamics and sense making of a group in a
collaborative problem solving setting.
3III. BACKGROUND
A. Implementation of group work matters
Active learning strategies, which often include group
work, have been shown to be disproportionately benefi-
cial for students from underrepresented groups, in terms
of course grades43,44. Yet there is also evidence to suggest
that active learning classroom interventions can have dif-
ferent impacts on different subpopulations of tradition-
ally underrepresented students (e.g.,13,45,46). Thus, while
interactive engagement is generally thought to be good
for student learning, we must investigate in what ways,
and for whom, it is beneficial.
Research in biology education identifies some of the
ways in which group work, despite its potential bene-
fits, can actually be isolating or harmful for some stu-
dents. Cooper and Brownell18 found that active learning
strategies incorporating group work can increase the rel-
evance of LGBTQIA social identities in the classroom,
which can lead to stress about whether it is safe to come
out, more opportunities for being misgendered, and in-
creased cognitive load for students who are members of
the LGBTQIA community. They state that active learn-
ing changes the dynamics of the classroom so that who
the instructors and students are has a larger impact on
the student experience, particularly for students who are
in the minority18 (p. 3). In another study, Cooper,
Downing, and Brownell19 explored the relationship be-
tween active learning practices and student anxiety, and
found that group work had the potential to either in-
crease or reduce student anxiety. The impact on stu-
dents depended on how the group work was implemented
(e.g., allowing students to choose their groups or giving
students time to synthesize their thoughts before shar-
ing with their peers tended to reduce students anxiety,
whereas feeling uncomfortable with group members in-
creased anxiety). Along the same vein, some researchers
call on instructors and researchers to not only focus on
implementing interactive engagement and group work,
but to pay close attention to the dynamics among stu-
dents in collaborative settings, highlighting the implica-
tions for equity and inclusion in our educational envi-
ronments16,47,48. In this paper, we respond to that call
by investigating the social dynamics of one group of stu-
dents in a collaborative problem solving setting and ex-
plore how the social dynamics are tied to epistemological
stances toward group work to effect the differing social
positioning of group members.
Tanner calls for instructors to design learning environ-
ments that attend to both individual students and inter-
actions among students through teaching strategies that
cultivate equitable classroom environments (e.g., estab-
lish classroom community norms, use varied active learn-
ing strategies, assign reporters for small groups)49. As-
signing and rotating through specific roles is one way
to encourage equitable group discourse, and has been
identified in physics as a way to promote effective group
work20. Eddy et al. call on instructors to structure their
classroom activities in a way that promotes equity by un-
derstanding the differential participation and barriers to
participation in peer discussions for some students47. In
a study of introductory biology students working in self-
selected groups, they found that students’ preferred roles
in group work were correlated with their social identities
(e.g., race, nationality, gender). The authors identified
three barriers to participation in peer discussions: exclu-
sion from discussion by group members, anxiety around
participating in discussion, and low student perceptions
of the value of group work47. They argue that in order
to promote equitable classroom environments, instruc-
tors must first understand the barriers that lead to dif-
ferential participation in group work. In our case study
analysis we identify misalignment of epistemic stances
toward group work as a potential barrier to equitable
participation in group problem solving.
In line with these studies, other researchers have sug-
gested the need to investigate factors that contribute
to the construction and productivity of group work en-
vironments (e.g.,28,50,51). For example, while Lorenzo,
Crouch, and Mazur report that use of interactive engage-
ment reduces the gender gap on the Force Concept In-
ventory (FCI)52,53, Pollock, Finkelstein, and Kost report
that interactive engagement alone is not sufficient and
that we must investigate the roles both instructors and
students play in constructing norms around collabora-
tion50. Thus, in order to investigate the factors that al-
low social dynamics to support (or hinder) equitable dis-
course, we must attend to multiple dimensions of group
work and the interactions among them.
B. Attending to multiple dimensions of group work
Just as our community has documented that physics
education is about more than content mastery, so too is
group work more than assembling several individuals to
a common task, or assigning roles to individual group
members. In K-12 mathematics education, Barron illus-
trates through case study analyses how both cognitive
and social factors play a role in defining a collabora-
tive mathematics problem solving environment among
sixth-grade students28,54. She identified more and less
successful groups as defined by problem solving perfor-
mance and uptake of correct ideas. “Less successful”
groups had “relational issues”, which included “competi-
tive interactions, differential efforts to collaborate, and
self-focused problem solving trajectories”28 (pg. 348)
that impeded the group’s ability to engage in produc-
tive problem solving. Barron suggests that one way the
cognitive and social factors work together to construct
a joint problem solving environment is through the “de-
velopment and maintenance of a between-person state
of engagement”28 (pg. 349), which she describes as the
awareness group members have for one another, ranging
from “complete lack of joint attention” to “continual co-
4ordinated participation.” Along a similar vein, we attend
to the ways in which social factors are intertwined with
epistemology in the construction and dynamic evolution
of a joint problem solving space. However, in consider-
ing the success or productivity of a group, we go beyond
content mastery and correct answers. In our case study
analysis, we consider the ways in which group problem
solving interactions may be cohesive (or not) along social
and epistemological dimensions, independent of concep-
tual productivity.
Pawlak, Irving, and Caballero identified four modes
of collaboration by attending to three dimensions of in-
troductory physics students’ interactions—social, discur-
sive, and disciplinary41. Along the social dimension, they
characterized the overall tenor of students’ collaboration
as consonant or dissonant9. The discursive dimension
identifies the interaction patterns among students: con-
sensual (one student makes substantial contributions),
responsive (multiple students make substantive contri-
butions), elaborative (the substantive contributions from
multiple students build off of one another)55, and argu-
mentation (involving evidence, a subsequent claim, and
justification of how the evidence supports the claim)56.
Regarding disciplinary content, they characterized stu-
dents’ conversations as specific or abstract. Treating
the social, discursive, and disciplinary dimensions inde-
pendently, Pawlak, Irving, and Caballero identified four
distinct modes of collaboration—debate, informing, co-
construction of an answer, and building understanding
towards an answer—each arising from a unique combi-
nation of codes along the three dimensions41. Similar
to Pawlak et al.’s study, we attend to multiple dimen-
sions of students’ collaboration, but our analysis differs
because we consider the interactions between those di-
mensions and attend to finer-grained details of the social
dynamics in a collaborative setting.
Sohr, Gupta, and Elby also attend to students group
work interactions by using multiple analytical lenses57.
By investigating the intertwining of conceptual, epis-
temological, and socioemotional dynamics, they illus-
trate the multifaceted ways in which conflict can arise
in collaborative settings, and identify one way students
may resolve those conflicts. In particular, they describe
an “escape hatch” as a series of discourse moves that
serve to relieve tension in the group by ending or shift-
ing the conversation before a conceptual resolution has
been reached. On the surface, escape hatches (clos-
ing statements) can appear to be purely epistemologi-
cal statements—not recognizing the complex intertwin-
ing of various factors might lead one to misinterpret these
moves as an indicator of a groups co-constructed episte-
mological stance rather than a result of, and resolution
for, building tension within the group. Escape hatches
can be productive in that they can help to establish more
equitable group norms, or open up space for the group
to engage collaboratively in conceptual discussion. This
work provides an example of how interactional dynamics
in a group can be the result of entanglement of many dif-
ferent factors. We build on this work by investigating the
interactions between sense making58, epistemology, and
social dynamics in group work, although not necessarily
in the presence of conflict or tension.
C. Epistemological framing
The physics education community has attended to im-
plementation and impacts of group work, but we have
thought less about how the students think about group
work, and how that interacts with their learning. Stu-
dent perceptions of group work likely impact the roles
or positions individual students have access to within a
group47. One way researchers examine students’ percep-
tions or expectations of learning physics in a collabora-
tive environment is through the lens of epistemological
framing (e.g., 23,24,59–62). Generally, in the disciplines of
anthropology and linguistics, framing refers to an indi-
vidual or group’s sense of what is going on in a given
situation, including expectations about what could and
should happen, what should be attended to, and how
one should act26,63,64. Epistemological framing specifi-
cally refers to a sense of what is taking place with respect
to knowledge (e.g., Is this a situation for sense making,
or for rote manipulation of formulas?); these frames can
be considered for individuals or groups and can vary mo-
ment to moment23,59. There are other aspects of framing
as well, such as social framing, which refers to expecta-
tions regarding individual and community roles and in-
teractions in a social setting. In the physics education
community we primarily attend to epistemological fram-
ing, as the nature of knowledge has particular importance
in school settings, although it is noted that different as-
pects of framing can interact with one another, especially
in collaborative settings23.
Scherr and Hammer describe a resource-based account
of epistemological framing in which a frame is a “locally
coherent pattern of activations”23 (p. 151) of epistemo-
logical resources. As epistemological resources65,66 may
exist within an individual’s mind or be distributed across
a group of people, this resource-based account links two
disparate approaches to framing—one with respect to in-
dividual reasoning and another with respect to social
dynamics across groups67. In a study of collaborative
tutorial-style activities in an introductory physics class,
Scherr and Hammer illustrate that verbal and nonver-
bal actions together provide evidence of students’ episte-
mological framing and insight into the dynamics of this
framing23. Irving, Martinuk, and Sayre also explore the
dynamics of epistemological framing by looking at the
transitions or shifts between frames24. They identified
two axes along which discussions could be categorized—
expansive versus narrow, and serious versus silly—and
observed that the majority of frame shifts were initiated
by the teaching assistant facilitating the collaborative
learning situation.
The notion of epistemological framing informs our
5analysis of the collective problem solving in a group of
four students. Looking at our data through the lens of
epistemological framing, we would infer a coherent episte-
mological frame, where the group has shared understand-
ing around what kind of activity they are engaged in, evi-
denced by both their verbal and nonverbal actions68. Yet
despite this alignment, we see one student in the group
positioned as less knowledgeable. To understand this po-
sitioning, we identify an epistemological aspect of group
work, and we associate students’ behaviors with expecta-
tions as to how knowledge will be generated in the group
(epistemic stances toward group work). We need this new
tool to help us identify and describe different stances that
individual group members might be taking regarding the
role of group work in the construction and application
of knowledge, despite a cohesive epistemological frame
among the group regarding what kind of activity they
are engaged in. Our analysis and discussion are distinct
from epistemological framing because while framing can
include group work as one of many factors, we focus on a
finer grained analysis of just the epistemic stances toward
group work and how these interact with other aspects of
the social learning environment. As depicted in Fig. 1,
we consider these epistemic stances toward group work
to be interactions between epistemological and social as-
pects of framing, where epistemological framing refers to
what is taking place with respect to knowledge, while so-
cial framing refers to students sense of what to expect
of each other, of their instructor, and of themselves23 (p.
149). Social framing does not inherently include ideas
about knowledge generation, and epistemological fram-
ing does not inherently include ideas about social inter-
actions. In attending to epistemic stances toward group
work, we consider the overlap, or blending, of epistemo-
logical and social framing.
D. What counts as productive group work?
In much of the prior literature, group work is consid-
ered productive or effective if the group engages in so-
phisticated problem solving strategies or if they reach a
correct answer20,28. We expand this consideration and
attend to multiple aspects of productivity. If a group is
making progress toward a correct or sophisticated con-
ceptual understanding of the physics, we call that group
work conceptually productive. Yet, as we will see in our
analysis below, a conceptually productive group does not
ensure equitable discourse. A second aspect of produc-
tivity is whether all students in the group have access to
participation in a variety of roles. Using the language of
Eddy et al.47, we would consider a group to be more
productive if there are fewer barriers to participation
for the individual group members. In our analysis, we
foreground this latter view of productivity—a productive
group is one that engages in equitable discourse—while
noting that there are multiple factors that contribute to,
and dimensions along which to view, the productivity of
collaboration.
IV. METHODOLOGY
The case study presented in this paper comes from a
broader study of students mathematical sense making in
quantum mechanics (QM)57,69–71. In order to investigate
the ways students engage in MSM, we conducted a series
of focus group studies with Modern Physics and QM stu-
dents in which we gave them QM problems to work on
in a group for one hour71. While watching a video of one
particular group and looking for elements of mathemati-
cal sense making, we noticed that one student was being
positioned as less knowledgeable despite guiding much of
the group’s sense making. This motivated us to focus
on this group and to analyze the intersections between
epistemology and social dynamics during the collective
sense making process. We take an analytic case study
approach in order to examine a puzzling phenomenon
through observation, description, and interpretation of a
situation in context, with the goal of producing a rich
and in-depth understanding72.
The group consists of four students—Penny, Morgan,
Cam, and Sarah (pseudonyms)—from a modern physics
class. We did not have relationships with these students
prior to the one-time focus group session that took place
in the last week of the semester. We recruited the stu-
dents by sending an email to the class which framed the
focus group study as an opportunity to work through
QM problems with their peers before the final exam,
but was not directly connected to their grade in the
course. The professor of the course, however, offered ex-
tra credit to students who participated. We organized
the groups based on scheduling constraints, and the stu-
dents were monetarily compensated for their time. Penny
(she) identifies as a white female, and is a sophomore
majoring in chemistry and physics. Morgan (they) iden-
tifies racially as white and responded to the gender ques-
tion on our demographic survey with a question mark.
They are a junior computer science major. We use they
pronouns for Morgan73, and note that their gender per-
formance includes many attributes typically considered
to be masculine48,74; we believe this is important infor-
mation for interpreting the social dynamics we observe
among the group, particularly because Morgan comes
to fill the role of an explainer and engages in mascu-
line forms of discourse that are common and favored in
the broader physics culture16,75,76, and in at least one
moment other students in the group refer to Morgan us-
ing “he pronouns (line 217 in the transcript). Cam (he)
identifies as a white male, and is a sophomore physics
major. Sarah (she) identifies as a white female and is
a sophomore majoring in astrophysics and creative writ-
ing. While we suspect that gender plays a role in the
interactions among these four group members, we have
not yet analyzed the specific ways in which the interac-
tions are gendered. Here, we focus on the entanglement
6of epistemological and social aspects of the group prob-
lem solving, and we leave deeper analyses of gender and
power dynamics for a future paper. Although this pa-
per does not provide analysis or claims around gender,
we include gender information here because we believe it
is important context for understanding and interpreting
the groups interactions.
The focus group took place in a small room with the
students seated around a rectangular table—Morgan and
Sarah sat on one side of the table, Cam on the other side,
and Penny at the head of the table (see Fig. 2). We
framed the focus group session as a chance for the stu-
dents to work on a few QM problems together. We asked
them to talk to each other and say what they were think-
ing out loud as much as they could, and we noted that we
were more interested in their sense making rather than
them arriving at a correct answer. One researcher (the
second author) was present in the corner of the room,
and chimed in every once in a while with follow up ques-
tions for the group. We prepared four different problems
(each with several sub-parts) for the students to work
on; the question prompts were in line with QM content
they had covered in their course. The three episodes we
present here include the students working on two differ-
ent problems. The first problem (see Fig. 3) is about
an infinite square well. Part A) asks the students to de-
termine which values they might measure for position,
energy, and speed for a particle in the n=7 state of the
infinite square well. Parts B) and C) ask for the prob-
abilities of finding the particle in the first and second
quarters of the well. The second problem (see Fig. 4) is
about a double square well, and has the students consider
the shape of the wave function when the well separation
is: zero (i.e., one wider well), comparable to the width of
the wells, and very large compared to the width of the
wells.
We transcribed the hour-long video, and watched it
several times from different lenses, attending to: the
mathematical sense making students were engaging in
(our original intention in conducting the focus groups),
the interplay between social dynamics and sense mak-
ing, the ways in which certain students get positioned
as more or less knowledgeable, the inferred epistemic as-
pects of students’ sense making, and the inferred epis-
temic stances toward group work. For individual episodes
within the hour-long focus group, we conducted a dis-
course analysis77 in order to infer epistemic stances to-
ward group work and explore the ways in which those
interacted with the social dynamics and sense making to
result in the positioning of students as more or less knowl-
edgeable. We achieve an in-depth understanding of the
group work scenario by attending to multiple aspects of
the data—verbal interactions among the students (rep-
resented in the transcript), non-verbal interactions (cap-
tured in the transcript and in our narrative description),
patterns of action and non-action (captured in the nar-
rative description), and artifacts of the students written
work (not included in this paper as a site of analysis, but
we refer to them to determine who has control over the
production of written work).
We selected three focal episodes for this analysis—one
from the very beginning of the hour-long session, one 17
minutes in, and the third 46 minutes in. We intention-
ally chose episodes from different times throughout the
session when the students were solving and talking about
different problems to get a sense for how the groups inter-
actions changed or stayed the same over the course of the
hour. The episodes we selected contain rich conversation
and interactions for which we could identify the inter-
twining of epistemological and social elements. However,
these three episodes are not unique in this regard—many
of the other episodes throughout the session contain sim-
ilar interactions to those that we present here. Within
each episode, our analysis looks at both the episode over-
all (a coarse grained view of what is happening, what
they are talking about, the roles people are taking on,
etc.) and a finer-grained look at the interactions among
students (line by line interactions, turns of talk, gestures,
etc.). There are two objects of focus of the present anal-
ysis that we first identify separately and then explore
the connections between: epistemic stances toward group
work, and social dynamics. In order to infer epistemic
stances toward group work, we look for evidence of stu-
dents expectations of how knowledge will be generated
in a group. For example, if a student is leaning in to
the group and looking at other group members we would
infer that they were expecting to work together (versus
an expectation of an individual activity). If a student
is thinking out loud, and asking other group members
to weigh in on their ideas, we infer that the student is
enacting a stance that generating knowledge in a group
involves collective co-construction8,40,41 of ideas (versus
an expectation of individual construction and subsequent
sharing of ideas). Next, we attend to the social dynamics
of the group by noting who is talking when and how the
group members are attending to one another (or not);
this includes identifying the words students are using,
their body language, physical positioning, gestures, tone
of voice, pitch and pace of speech, and who has control
over the sense making the group engages in. Further,
we ask how individual students are being positioned (by
themselves and each other) within the group. The in-
ferred epistemic stances toward group work and the so-
cial dynamics and positioning can be tightly intertwined
with one another; looking for evidence of each indepen-
dently helps us to explore the ways in which they are
connected.
The analysis focuses primarily on Penny, Cam, and
Morgan; the fourth student, Sarah, is engaged and lis-
tening to the conversation (as evidenced by her posture
leaning in to the group, smiling, nodding, looking at
other group members, following along on her paper, and
occasionally chiming in with yeah) but makes very few
of her own verbal contributions. These types of contri-
butions, which serve meta-conversational functions, are
sometimes referred to as “back channeling”40. The so-
7FIG. 2. Four modern physics students—Cam, Penny, Sarah, Morgan (starting on the left, going clockwise)—working collabo-
ratively on QM problems.
FIG. 3. Problem 1 from the focus group study asks about an infinite square well. In Episode 1, the students are discussing
part A) and in Episode 2, they are determining how to check if their answers to parts B) and C) are correct.
FIG. 4. Problem 2 from the focus group study asks about a double square well. In Episode 3, the students are discussing part
A) ii) when b ∼ a.
8cial dynamics involving Sarah (including her silence) are
worthy of a study in their own right, but they remain
outside of the scope of the present paper.
In the transcriptions, ellipses (...) represent pauses
longer than those natural in speech; gestures or non-
verbal actions are indicated in [square brackets]; square
brackets sometimes also contain information added to the
transcript by the researchers for clarity; em dashes (—
) indicate interruptions in conversation or people talking
over one another. In the data we present below, there are
many instances of the students interrupting each other.
When there is single pair of em dashes, the reader should
read this as two consecutive turns in a conversation but
with the first speaker getting cut off and yielding to the
second speaker. For example,
Penny: according to the probability density—
Morgan: —But they’d conform to whatever density
it is
should be read as two turns in a conversation, where
Penny’s turn gets cut short and she stops talking as
Morgan takes the floor. When there are multiple turns
of talk, with each speaker’s words book-ended with em
dashes, this should be read as the individuals speaking
over one other. For example,
Cam: —So basically like this—
Morgan: —you draw that there’s gonna be seven
peaks—
Cam: —And really—
Morgan: —and nine nodes—
Cam: —if you actually did the probability it’ll ac-
tually like bounce up like—
should be read as Cam and Morgan each contributing
their ideas to the conversation, but not listening and re-
sponding to one another. In this case, Morgan interrupts
Cam’s statement, but Cam continues to talk, and vice
versa. This exchange should be read as quick, consecutive
turns in a conversation, noting the interruptions and of-
ten simultaneity of multiple speakers’ contributions. In a
transcript of this nature, it may be helpful for the reader
to read all of the statements from one speaker to get a
sense for what they were trying to say while the other
speaker was also talking (i.e., reading Cam’s three state-
ments contiguously, skipping over Morgan’s statements).
Over the course of two years, discussions among seven
physics education researchers (the three authors along
with collaborators from the University of Maryland
Physics Education Research Group) led to many of the
insights and preliminary versions of the arguments in this
paper. Those arguments were then refined by the three
authors, a team that includes two men and one woman78.
As a woman in physics, JRH has privileged access to in-
terpretation of the social cues and norms we see play out
in the conversations among feminine and masculine per-
forming physics students. This perspective thus shapes
how we perceive and interpret the interactions among
this particular group of students. Further, after reach-
ing consensus among the research team, we validated and
refined our analysis through additional discussions with
physics education researchers external to the project.
V. DATA AND ANALYSIS
In this section, we present three episodes with inter-
leaving presentation of transcript and analysis.
A. Episode 1
Episode 1 takes place at the very beginning of the hour-
long session. The students begin with question 1a (de-
scribed above and shown in Fig. 2). They are each look-
ing down at their individual papers, reading the prompt.
The conversation begins when Penny reads the question
out loud and begins to share her thoughts:
Penny: “If you were to make independent mea-1
surements of the position, energy, and speed, what2
might you measure?” Uhmmm. So since the, like3
at every, every time you measured you’d just like4
get a different position. Right?5
Morgan:—Yeah—6
Sarah:—Yeah—7
Cam:—Mhmm—8
Penny: Those would just, like according to the9
probability density—10
Morgan: —But they’d conform to whatever density11
it is, I’m not quite sure.12
Penny: Like, whatever the, like the psi squared13
thing— [writing on her paper]14
Morgan: —Yeah—15
Cam: —Yeah—16
Sarah: —Yeah—17
Cam: —That would represent the distribution.18
Penny: And it would have to be zero at the edges19
so it would be like that. [drawing on her paper]20
Morgan: And since it’s the seventh excited state21
would there be—22
Cam: —Yeah, because we’re infinite—23
Morgan: —seven peaks I think?24
Cam: Yeah25
Morgan: It would be like— [draws wavy sine peaks26
in the air with their pencil]27
Sarah: —Yeah28
From the beginning few seconds of the episode, we in-
fer that all four students have the expectation that they
are there to work together. This is evidenced by their
posture, who responds to the questions, and the tentative
nature of their questions. All four students are leaning in
with their elbows on the table, looking down at their own
papers but as the conversation begins they also look up at
each other and each other’s papers (see Fig. 2). When
Penny puts forth her idea in lines 3-5 that you would
measure a different position every time, and follows up
with a question (“right?”), the three other group mem-
bers respond simultaneously (“yeah,” “Mhmm,” lines 6-
8). Penny looks at Cam when she says “right?,” but he
9is looking down at his paper, as are Morgan and Sarah.
The fact that all three students respond, despite not be-
ing addressed directly or not looking at the person who
asked the question, suggests an expectation that any idea
put forth is for the group to make sense of and respond
to.
Additionally, to begin the hour-long problem solving
session, the students put forth ideas with tentativeness,
phrasing their ideas as questions (Penny lines 5, 14) and
explicitly saying they’re “not quite sure” (Morgan line
12) or qualifying an idea with “I think” (Morgan line
24). In the first few seconds of the episode, Penny and
Morgan display this tentativeness, which sets the tone
for a collaborative sense making environment. As the
hour progresses, however, we see this dynamic change
as Penny continues to be tentative while Morgan and
Cam adopt more authoritative ways of engaging in the
conversation. Cam continues the conversation by putting
forth his own tentative idea:
Cam: Well, your n would be seven times pi I be-29
lieve, right? Inside the k equals...30
Morgan: Right.31
Penny: How does n change the number of like—32
Cam: —Uhmm because...33
Morgan: So, I think—34
Penny: —waggle things—35
Morgan: —I think it’s...36
Cam: [writing on his paper]37
Morgan: Right. That’s the, that’s what’s inside the38
sine function.39
Penny: Oh, like the sin(kx)40
Cam: So it’s 7 pi over a.41
Morgan: That’s what I thought, but I think what42
that...I think it means that if—43
Cam: —So basically like this [pointing to his44
paper]—45
Morgan: —you draw that there’s gonna be seven46
peaks—47
Cam: —And really—48
Morgan: —and nine nodes—49
Cam: —if you actually did the probability it’ll ac-50
tually like bounce up like—51
Morgan: —Right—52
Sarah: —Yeah—53
Cam: —that many times—54
Penny: —Ohhh yeah—55
Morgan: —’Cause in the second state it goes up56
once and then down—57
Penny: —It has that many nodes. Or does it have58
seven minus one or something?59
Cam: I don’t think we have a minus one here—60
Morgan: —I think there’s a, I think it’s a...Well61
because there’s one peak, I think that what you’ve62
drawn [to Penny] is the, is the—63
Penny: —Yeah—64
Morgan: —the ground state—65
Cam: —n = 1—66
Morgan: —n = 1. So that has one peak. So I think67
it would make sense for it to equal the number of68
peaks.69
Penny: And like—70
Morgan: —Oh, it’s n +1 uhh, zero points. That’s71
what it is.72
As the students try to figure out how many peaks the
n = 7 wave function has, Cam and Morgan begin to talk
over Penny, and one another. Penny attempts to ask a
question and join in the sense making, but gets inter-
rupted at lines 32 and 55. At line 58, she continues her
thought that began with “Ohhh yeah” (line 55), talk-
ing at the same time as Morgan and looking directly at
Cam. She asks if the number of nodes is “seven minus
one or something,” and Cam and Morgan both begin to
answer her question. They do so tentatively, qualifying
their explanations with “I think” (Morgan line 62) or “I
don’t think” (Cam line 60). This exchange represents a
turning point in the overall dynamic of the group, where
Penny begins to assume the role of “question asker” and
Cam and Morgan begin to assume roles as “explainers.”
These positioning and role-taking tendencies that we see
developing in the first episode continue to evolve over
the course of the hour. Here, Cam and Morgan explain
to Penny as they try to figure out how the number of
nodes depends on the state. This culminates when Mor-
gan has an “aha moment” and states in an excited and
authoritative manner that “it’s n+1...zero points. That’s
what it is” (line 71). We note that in this instance we
see Morgan’s excitement around figuring out the answer
(the “aha moment”) coincide with their assumption of
the role of explainer. Next, Penny steers the conversation
in a different direction by bringing up a question about
the graphs they are drawing on their paper (sketching
the wave function on top of the potential energy graph
given with the prompt):
Penny: Well, also it doesn’t really make sense to73
draw this [wave function] on this [potential energy]74
diagram right? Because, or wait, like what is the75
height of this? [gesture?]76
Morgan: Well that...the height represents—77
Penny: —Isn’t that just like the number of—78
Cam: —The probability—79
Penny: —Yeah—80
Morgan: —It represents the probability—81
Sarah: —Yeah—82
Morgan: —of finding it there.83
Cam: Right, so that’s where you’re most likely to—84
Penny: So it just doesn’t belong...Like, what is V85
of x? Isn’t that potential?86
Morgan: Right. So that’s why, that’s why it’s87
sorta—88
Penny: —So you wouldn’t really draw this on this89
graph—90
Morgan: —not so great to draw there—91
Penny: —You’d just draw it like this [drawing a92
new graph]—93
Morgan: —because the axes aren’t the same—94
Penny: —and this [y axis] would be like,95
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probability—96
Morgan: —Exactly—97
Penny: —and then this [x axis] would still be posi-98
tion.99
Morgan: And so that, drawing the probability curve100
makes sense, but yeah you’re right on that it doesn’t101
represent potential so it’s, it’s not the most mean-102
ingful curve there.103
Again, Penny is the one asking the questions (lines 75
and 85) that Morgan and Cam take up by explaining to
her. At line 77, Morgan immediately takes up the ques-
tion about drawing multiple graphs on the same axes;
whereas in lines 60-62 Cam and Morgan’s explanations
were tentative, here Morgan answers in a more didactic
manner. The tentative qualifiers (“I think”) are no longer
present, and both Morgan and Cam contribute ideas with
more conviction: “Well...the height represents” (line 77),
“It represents the probability” (line 81), “Right, so that’s
where...” (line 84), “Right. So that’s why...” (line 87).
Amidst these explanations, Penny tries to chime in and
join the sense making but gets talked over (lines 78, 90,
93, 96). From lines 85-100, Penny continues to verbalize
her thought process despite Cam and Morgan focusing
on their own work and talking over her.
In this episode, Penny has control over the conversa-
tion in that she is the one asking questions or providing
contributions that prompt the group to engage in sense
making (considering what the wave function looks like,
and then what it means to draw the wave function on the
same axes as the potential energy). One might interpret
Penny’s questions as an indication that she is confused
about the content, or at least more vocal about her con-
fusion than the other students. While it is likely that
some of her questions correspond to genuine confusion or
tentativeness, we also observe that Penny often frames
ideas in the form of questions or bids79, even when she
may not be confused about the content. This is evident
in that she often presents an idea followed by “right?”
(lines 5 and 75). Determining whether Pennys questions
indicate confusion or tentative presentation of more cer-
tain ideas is not crucial for this analysis; the fact that her
contributions are consistently taken up by the group as
questions, or requests for explanation, serves to position
her as less knowledgeable within the group. Penny does
not have agency in the conversation in the sense that she
is continually interrupted and explained to in a didac-
tic manner. However, she does have agency in the sense
that her contributions (often taken up by the group as
questions) drive the sense making and topics of conver-
sation within the group. With the confluence of these
interruptions and explanations we begin to see Penny as
being positioned as less knowledgeable within the group
despite the fact that her ideas or contributions are the
ones guiding the flow of the conversation.
We focus on Penny and Morgan in this episode and
identify them as enacting two different epistemic stances
toward group work. Penny’s tentativeness and orienta-
tion toward inclusion are aligned with an epistemic stance
that the way knowledge will be generated in the group
is through collective consensus building or sense making.
By adding “right?” to the end of her ideas, Penny invites
others to contribute or weigh in on her ideas, consistent
with a notion of collaboration that involves throwing out
ideas for everyone to collectively grapple with and build
on. Additionally, Penny proposes tentative ideas and
thinks through them as she is talking. For example, in
line 55 Penny begins a thought with “Ohhhhh yeah” and
finishes it in line 58 (“It has that many nodes”) after
Morgan inserts a statement. In line 75, Penny brings up
the idea of graphing multiple things on the same axes and
interrupts herself to ask, “Because, or wait, like what is
the height of this?” She continues by beginning to an-
swer her own question, “Isn’t that just like the number
of ” (line 78). This happens again in lines 85-100, where
Penny’s five contributions are all a continuous thought
interspersed with Morgan’s explanations. Penny’s think-
ing through ideas as she says them is characterized by
slower speech. Overall, this slower pace of speech and
asking questions where her pitch goes up at the end con-
vey a tone of tentativeness and inclusion; she presents
her ideas with uncertainty and invites others to weigh
in. We associate these actions and this tone with a view
of group work as a collective consensus building process,
i.e., the Collective Consensus Building stance.
Morgan’s actions on the other hand are aligned with a
stance toward group work that it should involve individ-
uals working to understand the ideas in order to explain
to other group members. This is evidenced by their im-
mediate responses to, or taking up of, Penny’s questions
with didactic explanations. In lines 33-34, both Cam
and Morgan interrupt Penny before she finishes asking
her question. Morgan explains, tentatively still at this
point in the episode, how n is related to the number of
peaks or nodes in the wave function. In line 77, Morgan
immediately takes up Penny’s question about the graph,
and through line 103 explains to her why it does not
make sense to draw the wave function and potential on
the same axes. In this exchange, Morgan’s explanations
come across as certain and authoritative, in particular in
lines 77 (“Well...the height represents”) and 87 (“Right.
So that’s why...”). Additionally, in line 103 they validate
Penny’s original idea that superimposing the two graphs
does not make sense. This validation recognizes Penny’s
contribution, while also placing Morgan in a position of
authority. Morgan speaks at a quick pace, and their pos-
ture is directed toward Penny especially at the end of this
episode when they point at Penny’s paper while explain-
ing. Morgan’s fast speech, posture, immediate responses
to questions, and didactic explanations convey a tone of
authority and assuredness (primarily in the second half
of Episode 1). We see these actions and this tone as an
enactment of a stance that group work means one per-
son with the desired knowledge will explain to others, i.e.,
the Explainer-Explainee stance. Cam engages in some of
the same behaviors as Morgan (e.g., interrupting or im-
mediately answering Penny), but it is less clear in this
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particular episode that his actions are aligned with the
Explainer-Explainee stance. For clarity, we focus primar-
ily on Penny and Morgan in identifying the two different
stances in Episode 1.
In Episode 1, we see the interactions between epis-
temology of group work and social dynamics begin to
result in the positioning of Penny as less knowledgeable.
Penny’s slower speech means that Cam and Morgan have
time to interrupt her, and her questions and tone of in-
clusion create space for Cam and Morgan to take up
explainer roles. In particular, we see the interactions
of these factors in the exchange between lines 85-100.
Penny asks and answers her question all at once (“what is
V(x)? Isn’t that potential?”), and continues her thought
through line 100. However, her slower speech and tenta-
tive framing of questions, in addition to Morgan’s faster
speech and tone of authority, result in Penny being inter-
rupted, explained to, and positioned as less knowledge-
able.
In summary, Episode 1 sets the stage for Penny, Sarah,
Morgan, and Cam to engage in group work around QM
problems. The group is cohesive in that they seem to
have a shared understanding that making sense of these
problems will require both conceptual and mathemati-
cal reasoning, and that as the learners they will need to
construct meaning using different representations (e.g.,
equations and graphs). We infer that all four students
have the expectation that they will work together, yet as
the episode unfolds we see individuals engaging in group
work in different ways. Penny begins to take on the role
of the question asker, while Cam and Morgan start as-
suming roles as explainers. Sarah is engaged and listen-
ing, and every once in a while affirms others’ statements.
We infer two different epistemic stances toward group
work: Penny reflects Collective Consensus Building, and
Morgan is aligned with Explainer-Explainee. In this first
episode, we see these epistemic stances interact with the
social dynamics of the group in a way that begins to po-
sition Penny as less knowledgeable despite the fact that
her contributions are the ones driving the sense making
that the group engages in. These roles and positioning
continue to evolve and begin to solidify as the group con-
tinues to engage in collective problem solving.
B. Episode 2
Following Episode 1, the students continue to discuss
Question 1A, but when they get stuck wondering if the
speed of the particle in the well is constant and if this
violates the uncertainty principle, they decide to move on
to part B which asks them to determine the probability
of finding the particle in the first quarter of the well if it
is in the ground state (n = 1). The students immediately
begin writing down an integral. They recall the ground
state wave function, and integrate the square of the wave
function from 0 to a4 . They do the same thing for part
C which asks for the probability of finding the particle
in the second quarter of the well (this time, integrating
from a4 to
a
2 ). Less than seventeen minutes in to the
problem solving session, the group has finished the two
integrals resulting in symbolic expressions for the answers
to Question 1 parts B and C. Episode 2 begins when
they are looking at their resulting answers and trying to
figure out how to check if they are right. Penny begins
the conversation by making a bid to check their answers
against their intuition:
Penny: Yeah, I don’t really know, I dunno how to104
have a good intuition about—105
Cam: —Well one thing that does make sense—106
Penny: —Well wait the probability should be less107
than one—108
Morgan: —Uhh, those, those sum to one...that plus109
that plus that again plus that again [pointing to the110
paper in the middle of the table].111
Cam: Well the originally... yeah—112
Morgan: —’Cause if it’s symmetric around a over113
two114
Cam: Yeah115
Morgan: Then these two should add to get one half116
[pointing to paper]—117
Morgan: —And they do.118
Penny: Aah. Wait... a over—119
Cam: Aaaah. Yeah, they do!120
Penny: Wait, isn’t—121
Cam: —That makes sense.122
Although Penny’s statement about intuition in line 105
is not phrased as a question, functionally it serves as a
question to the group, and is taken up as such. Penny
herself answers it in line 107, when she says “Well wait
the probability should be less than one.” For the first
few lines of this episode, Morgan was hunched over their
paper doing math—they wrote down an expression that
was the sum of their answers to parts B and C (twice),
and found that they summed to one. They finish this
math right as Penny suggests the probability should be
less than one (line 107) and look up and immediately
begin explaining (line 109), pointing to the graphs the
students had previously drawn on a big piece of paper in
the center of the table. Here, we see Morgan again taking
up the role of the explainer, speaking quickly and with
certainty. They explain the symmetry of the wave func-
tion, with Cam chiming in affirmatively. Penny attempts
to join in and make sense of what they are saying (out
loud, in the moment), but gets cut off by Cam in lines
120 and 122 as he “gets it” and expresses excitement over
understanding Morgan’s explanation. Penny finally gets
in a question and asks Morgan to explain again:
Penny: Can you explain that again?123
Morgan: So like, if we have, essentially this is our124
function right here.125
Penny: Mhmm.126
Morgan: And this divides it, a over two—127
Penny: —So we went—128
Morgan:—is the halfway point—129
Cam: —Yeeahhh—130
12
Morgan: —so we basically, if you add these two131
together—132
Cam: —You should be at the halfway point—133
Morgan: —Then we should have this area—134
Cam: —Which is one half [gestures at Penny with135
a quick bouncing finger pointing motion]—136
Morgan: —Which should be one half—137
Cam: —Which happens—138
Penny: —Ohh—139
Cam: —’cause these cancel140
Penny: Ohhhhh! [smiles and silently claps]—141
Morgan: —the 4 pi’s over two cancel142
Penny: Oh that’s so!—143
Cam: —And another way—144
Penny: —And this is n = 1 so like, that is sym-145
metric—146
Cam: —And it makes more se—147
Morgan: —Yeah—148
Penny: —So we know that it’s symme—149
Morgan: And so, yeah150
Penny asks Morgan, “Can you explain that again?”
(line 123), reinforcing her position as the question asker
and Morgan’s position as the explainer. Morgan imme-
diately takes up the explanation and the following con-
versation is characterized by Cam and Morgan talking
over one another while Penny tries to join in, but gets
cut off (lines 128, 139, 143, 149). In this section (123-
142), Morgan and Cam are explaining to Penny (in this
case, she explicitly asked them to). Yet Penny still tries
to join in and make sense of the argument along with
them (e.g., “So we went...” in line 128). From the very
beginning of the episode, Cam has been trying to con-
tribute an idea about how they can know their answers
make sense (“Well one thing that does make sense...” line
106), but he keeps getting talked over (lines 144, 147).
He finally contributes his thought as they finish up the
conversation:
Cam: You should be able to say too that it makes...151
B) makes sense because, B) being the first part of152
it, should be less—153
Morgan: —Should be less than the second part—154
Cam: —than the second part155
Penny: Mhmm...156
Cam: So if we’re taking the difference—157
Penny: —Ohhh that makes sense!—158
Morgan: —And that makes sense because...ya159
know, otherwise it’d be weird for it to sum to one.160
Cam: Okay...161
Penny: Good job team—162
Cam: —alright. Well, at least it makes sense, or163
seems to make sense...Except I still don’t under-164
stand what that first one is asking for. [laughs]165
Cam puts forth the idea that their answer makes sense
because the integral for part B (first quarter of the well)
should be less than that of part C (second quarter of the
well) given the shape of the wave function, but Morgan
interrupts to finish his sentence for him (line 154). When
Morgan completes the explanation of the symmetry ar-
gument, Penny signals that she gets it by saying “Ohhh
that makes sense!” (line 158), and concludes the episode
by saying “good job team” (line 162).
The majority of this episode consists of Morgan and
Cam explaining to Penny. Penny has assumed the role
of question prompter (line 105) or question asker (line
123), while Morgan and Cam have taken up the roles
of “knowers” or explainers. These two different roles in-
form one another; for example, in line 123 Penny asks
“Can you explain that again?” which positions Morgan
and then Cam (who take up the question) as explainers.
We see Penny being positioned as less knowledgeable in
this episode. Right off the bat, she prompts the ques-
tion about connecting to intuition (line 105), and as she
puts forth an answer, she gets interrupted by Cam (line
106) and then Morgan (line 109). Then when Morgan
begins to explain the symmetry argument, Cam under-
stands it first and his affirmative interjections (“Aaaah.
Yeah, they do!” line 120 and “That makes sense” line
122) prevent Penny from being able to join the collective
sense making process. She continues to be interrupted
throughout the episode when she attempts to contribute
to the sense making (lines 128, 143, 149). Building on
the tendency we noticed in Episode 1 for Cam and Mor-
gan to explain to Penny, Episode 2 is dominated by these
didactic explanations (lines 109-118 and 125-142). Addi-
tionally, in line 136, as Cam joins Morgan in explaining to
Penny that their answers from parts B and C should sum
to one half, he gestures to Penny with a quick, bouncing
finger-pointing motion. One might interpret this gesture
as a manifestation of Cam’s excitement for figuring out
that their answer makes sense, or as a reflection of his po-
sition as knower and transmitter of knowledge to Penny.
We think both of these interpretations (and likely others)
can coincide. Regardless of the intent or emotion behind
the finger-pointing gesture, it functions in the group as
a symbol of the social position of Cam as a knower and
explainer and Penny as a questioner or receiver of knowl-
edge.
We identify the students’ actions in this episode to be
again aligned with two different epistemic stances toward
group work: Penny as aligned with a Collective Consen-
sus Building stance and Morgan and Cam aligned with an
Explainer-Explainee stance. Perhaps most indicative of
these stances are the different ways that Penny and Mor-
gan react to not being sure about something. As Episode
2 begins, Morgan is hunched over their paper working out
some math, and once they add up their symbolic expres-
sions and find that they sum to one, they look up and
begin explaining to the other group members. This is one
example of how when Morgan is not sure about some-
thing, they retreat into individual problem solving mode
and when they figure it out they re-engage with group
to explain their solution or idea to the other members of
the group. We see this happen multiple times through-
out the hour-long session; this tendency is aligned with
an individualistic stance toward group work with the goal
of understanding for yourself so that you can explain to
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others. When Penny is confused or unsure about some-
thing, she vocalizes her confusion, contributing ideas ten-
tatively and thinking through them out loud in the mo-
ment. One example of this occurs at the beginning of
Episode 2 when Penny makes a bid for considering intu-
ition (line 105) and then continues to put forth an answer
to her own question (line 107). We see this tendency as
being aligned with a stance that considers group work to
be a process of collective sense making where individuals
put forth ideas they are unsure about and others grapple
with and build on them so that the group collectively
makes sense of the idea in the moment.
Penny’s contributions are tentative, yet she contin-
ually tries to join in on collective sense making (lines
119, 128, 146, 149), and praises the group’s accomplish-
ment (“Good job team”, line 162). Through these ac-
tions, Penny conveys a tone of tentativeness, inclusion,
and excitement to be a part of a team. Cam and Mor-
gan on the other hand, through fast speech and immedi-
ately jumping in and talking over people (lines 109-118,
127-142, 147-157), didactic or authoritative explanations
(lines 109, 125-142), and pointing at Penny’s paper or
the common paper in the middle of the table in order to
explain (lines 109, 140), convey a tone of authority and
assuredness, positioning them as knowers or explainers.
We identified these two different epistemic stances to-
ward group work in the first episode and see them again
in the second episode and throughout the hour-long ses-
sion. We note, however, that each individual student
does not always act in alignment with these stances or
roles that we have identified. In line 123, Penny explic-
itly asks for an explanation from Morgan, which could be
evidence of an Explainer-Explainee stance. However, a
few lines later, Penny tries to join in on the explanation,
which we take as a bid for collective consensus building.
This moment-to-moment variation in inferred epistemic
stances toward group work is in line with the idea that
epistemologies can be context dependent or vary moment
to moment33,34. Likewise, there are instances where we
see Cam and Morgan engaged in practices that suggest
an orientation to collective sense making (e.g., tentative-
ness in the first half of Episode 1). We do not see these as
contradictions to the overall interpretation, but instances
of context dependence and fluidity of epistemic stances.
Taking a global view of the hour-long session as a whole,
we associate Penny’s engagement with a stance of Collec-
tive Consensus Building, and Cam and Morgan’s actions
with an Explainer-Explainee stance.
We have largely left Sarah out of our analysis, because
she does not often contribute verbally to the group, which
makes it more difficult for us to make inferences about
her involvement in the group. There are two possible in-
terpretations we might take from Sarah’s silence. One is
that her silence is indicative of an epistemic stance simi-
lar to that enacted by Cam and Morgan—that is, group
work is a process in which one individual with knowl-
edge explains to other individuals. If Sarah took this
stance in this particular setting, and felt that she did not
have knowledge relevant to their problem solving, then
she might be inclined to not make many verbal contri-
butions, and would assume more of a role of a listener
or consumer of the explanations provided by other group
members. An alternative interpretation is that Sarah
takes a stance more aligned with Penny—one of collec-
tive consensus building—but that she does not see her-
self as part of the collective group and thus she does not
contribute her ideas or vocalize her confusions. Both of
these interpretations (and likely many others) are plausi-
ble. For now, we continue to focus our analysis primarily
on Penny, Morgan, and Cam for whom we have more
verbal cues to analyze.
In Episode 2, the interactions between the epistemic
stances toward group work, social dynamics, and sense
making result in Penny being positioned as a question
asker with Cam and Morgan being positioned as knowers
and explainers. Penny’s slower speech and throwing out
tentative ideas to think through on the fly, along with
Morgan and Cam’s faster and quick-to-explain speech,
result in Penny being interrupted and explained to (e.g.,
lines 107, 119). In this particular episode, these dynam-
ics lead to Penny not contributing as much (in terms of
turns of talk) as in other episodes. When Penny asks
for an explanation (line 123), Morgan and Cam take it
up with fast-paced and authoritative explanations that
make it hard for Penny to contribute when she attempts
to join in on the collective sense making (lines 119, 128,
146, 149). Despite this social positioning, it is Penny’s
contributions that again guide the group in the sense
making they engage in—she prompts them to consider
intuition in line 105 and symmetry in line 146. We note
that before this episode began, Morgan had already be-
gun to check that their answers summed to one half, in-
dicating that they were already considering symmetry
and possibly intuition (although we suspect “intuition”
might mean something different to Morgan than it does
to Penny). However, if Penny had not directly asked
about these aspects, we do not know if the group would
have engaged in conversation around them in the way
that they did in this episode.
C. Episode 3
Episode 3 takes place 46 minutes in to the hour-long
session, when the students are working on Question 2A
(see Fig. 4 above), sketching the ground state and first
excited state wave functions for a double square well.
They spent a small amount of time on part i), considering
the situation in which b = 0. In this episode, they are
working on part ii) where b ∼ a. The group has agreed
that the wave function must be an exponential decay
towards infinity on either end and a sine function within
each well, but they are unsure what the solution inside
the barrier (the middle region) should be. They have
talked about an exponential decay coming from either
well to meet in the middle, and this episode begins as
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they seek mathematical (formulaic) justification. They
are trying to remember where the sine and exponential
solutions come from in the first place, and Morgan begins
to write down the Schrdinger equation on the large piece
of paper in the center of the table:
Morgan: So if we have a Schrdinger equation which166
looks essentially like negative—167
Penny: —hbar squared—168
Morgan: —a positive constant...169
Cam: Yeah, okay—170
Morgan: —times the second derivative of this [wave171
function]...uh...equals...172
Cam: The E minus U of x—173
Morgan: —E minus U of x174
Cam: Times...Yuuuup—175
Morgan: —times that [wave function] then when176
you rearrange this you get double prime of x177
equals...so if E minus U of x is negative, is less178
than zero, right this [E − U(x) term] is negative179
this [−Kψ′′] is negative, so we get...essentially the180
solutions to that differential equation. [circling181
ψ′′ = +kψ on the paper]182
From the beginning of the episode, Morgan assumes
the role of “math doer” as they have control of the large
piece of paper and thus the conversation. The other three
group members are leaning in and all watching as Morgan
writes down equations and explains out loud what they
are doing. While Morgan explains, Cam chimes in with
affirmations (lines 170, 175) that suggest he understands
what Morgan is doing and also starts to help out with the
explanation (line 173). Penny continues the conversation
by asking a question:
Penny: How does, uhm, the I guess like location183
along x determine whether E is like E minus U is184
less than zero or greater than zero.185
Morgan: E is constant, but U of x is a function of186
x.187
Cam: Mhmm188
Penny: Ohhh, yeah yeah yeah—189
Cam: —Yes. And so yeah, you could look at the190
potential—191
Morgan: —So as x changes this is gonna change.192
If E-U(x)—193
Penny: Is gonna change from being zero to being V194
of—195
Cam:—V naught—196
Penny & Cam: —Yeah—197
Morgan: If it’s greater than zero though we get198
this one with a negative sign there, that’s a little199
hard to read. Uhm, and so the solutions of this are200
roughly...This is e to the x or e to the negative x.201
Penny: Yeah, that’s usually—202
Morgan: —And this is203
Penny: What does that say? Psi...?204
Morgan: Sorry. This? Yeah, I wrote that badly.205
The double derivative of—206
Penny: —Equals negative psi? Okay.207
Morgan: Yeah. This leads to e to the i x which is208
the same as cosine x plus sine x—209
Penny: —Isn’t it also just sine?—210
Morgan: —With some, ya know, there’s constants211
here.212
Cam: Right.213
Penny: Just sine x?214
Morgan: Hmm?215
Penny: Doesn’t sine x satisfy this?216
Cam: Yeah. But he’s writing out the general form217
and then A or B would be zero—218
Penny: —Ohhhh. Yeah.—219
Sarah: —Yeah—220
Cam: —depending on—221
Morgan: —Yeah—222
Cam:—basically you’d model it to fit the well. And223
you’d decide cosine or sine. Usually, in most cases,224
we’d use sine. But if it did need to start at one225
instead of zero then you would use cosine.226
In line 183, Penny prompts the group to connect the
equation Morgan has written down (particularly the E-
U(x)) term to the graph, a move that we consider to be
part of mathematical sense making58,69,80. Morgan takes
up this prompt and explains to Penny that the total en-
ergy is constant but the potential energy is a function of
x, and Cam chimes in to refer to the graph (line 190).
Penny then starts to join in the collective sense mak-
ing (line 194), and Cam jumps in to finish her thought
and help her out, saying “V naught” and pointing at the
graph on her paper (line 196). Morgan returns to the
differential equations and continues to work out the so-
lutions, with Penny asking for clarification about what
Morgan has written (lines 198-207). When Morgan says
that the solution in the region where E-U(x) is positive
is cos(x)+sin(x) (with some constants), Penny vocalizes
a question—“Isn’t it also just sine?” (line 210). Once
the group hears this question, Cam jumps in to explain
to Penny what Morgan is doing (line 217). He continues
the explanation after both Penny and Sarah have indi-
cated that they understand (“Ohhh yeah”, line 219 and
“Yeah”, line 220). Midway through Cam’s explanation
in lines 223-226, Penny looks down as if she has stopped
listening to the explanation. Morgan returns to the math
on the paper and continues:
Morgan: Right...Okay...So it does have to be the227
decaying one in the middle. It can’t be a sine wave.228
Well that’s nice.229
Penny: Wait, why?230
Morgan: Because here we have the, we’re in this231
condition [circling ψ′′ = +kψ on the paper], because232
E minus the potential, the potential is high up here233
[pointing to the graph on Penny’s paper] and we234
presumably don’t have the energy.235
Penny: Yeaahhh. I mean...I don’t know what E is.236
What determines...So I guess the thing that deter-237
mines E is n.238
Morgan: Right.239
Penny: Through like [laughing] a relationship that240
we talked about already that we don’t remember—241
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Cam: —Right, yeah. What you could do is you242
could actually do your double derivative here with243
your you know your n value and your k stuff and244
you could actually solve for the energies and stuff245
if you needed.246
Morgan: Right...But like. That, this observation.247
So like when U of x is high [pointing to the graph248
on Penny’s paper], above what we think the energy249
of our electron is...250
Penny: Then...it—251
Morgan:—Then—252
Penny: —then it must be—253
Morgan:—we know that...uh psi of x has to take on254
a form that’s a negative exponential. Or a posi-255
tive exponential, but the positive exponential can’t256
happen because of regularity conditions.257
Penny: And then that’s, that is intuitively right.258
Morgan: Yeah. There’s a lot of constants here and259
stuff that I left out ’cause I don’t actually know how260
to do ODE’s—261
Penny: —That if the energy is, if the potential en-262
ergy is higher than the energy of the thing than the263
thing is not like as likely to be there.264
Morgan: Right, well, yeah it drops off exponentially265
as you get further away from the uh low regions.266
In lines 228-229, Morgan says, “It can’t be a sine wave.
Well that’s nice” with certainty as if to say, “Great, we
have the answer!” Penny begins to ask a question about
the total energy but then interrupts herself and answers
her own question, in a tentative way (“I guess”, line 237).
Earlier in the focus group session, the group recalled that
the total energy (E) was determined by the value of n,
but they could not remember the formula. Here, Cam
jumps in to explain how they could get that formula (by
solving the differential equation), although they do not
actually pursue this. To conclude the episode, Penny
prompts the group to check their answer against their in-
tuition (line 258). Morgan takes up this “intuition” idea
by considering mathematical formalisms, talking about
the constants they left out because they “don’t actually
know how to do ODE’s” (lines 259-261). Penny’s re-
sponse indicates that she meant something different by
“intuition”—“if the potential energy is higher than the
energy of the thing than the thing is not as likely to
be there” (lines 262-264). Morgan acknowledges Penny’s
idea, but modifies it (“well, yeah it drops off exponen-
tially” line 265), ending the episode in the didactic man-
ner in which they started.
In this episode, Penny again assumes the role of the
question asker. As is characteristic of her contributions
throughout the hour, she is particularly interested in con-
necting to intuition, and it seems as though she does not
want to let her questions go until this intuitive aspect is
satisfied. Morgan, in this episode, takes on the role of the
“math doer” and explainer, controlling the shared piece
of large paper and driving the mathematical argument
that the group constructs in order to answer their ques-
tion of what the wave function should look like in the
barrier in between the two wells. Cam plays a slightly
different role in this episode in that his contributions pri-
marily validate, repeat, or add on to explanations. While
he does not “own” or create the explanations, the act of
validating what other people (usually Morgan) have said
places him in a position of authority in the group. Sarah
is quiet as usual, but is paying attention and leaning in
to watch Morgan’s orchestration of the algebra that leads
them through the sense making process.
We see Morgan has having most of the control over the
conversation in this episode, yet Penny still opens up the
group for sense making and guides the conversation with
her questions. She prompts the group to connect their
algebraic equation to the graph (line 183) and to check
their results against their intuition (line 258). As the
question asker and prompter of these moments of sense
making, we simultaneously see Penny being positioned
as less knowledgeable within the group. Much like in the
prior two episodes, Penny is interrupted (lines 202, 251,
253) and explained to (lines 187-259, 217-226, 231-235)
throughout the episode.
We again identify two different epistemic stances to-
ward group work. Penny’s tentative questions, ideas, and
thinking out loud (lines 183, 237) and attempts to join in
on the sense making process as Cam and Morgan explain
to her (lines 194, 202, 251-253) are aligned with a Col-
lective Consensus Building stance. Morgan’s actions and
contributions are consistent with an Explainer-Explainee
stance, evidenced by their didactic explanations taking
control of the large piece of paper and sometimes point-
ing at Penny’s paper. Cam’s actions are also aligned
with this more individualistic stance toward group work,
but they vary from Morgan’s actions because Cam as-
sumes more of a role of validator and explainer, as he
continually validates, affirms, or repeats ideas (lines 170,
175, 190, 196, 213) and explains what Morgan is doing
or adds to their explanations (lines 217-226). Notably, in
lines 242-246 when explaining how the group could figure
out how exactly E depends on n, he uses “you” instead of
“we”. We interpret the “you” to not be directed at any
one individual group member, but rather a replacement
for “one”. Had Cam used “we” instead, that would have
reflected a different stance toward group work, perhaps
suggesting he saw himself as part of a collective team,
or that the knowledge could (and would) be generated
in the group through a collective process involving ev-
eryone. The fact that he used “you” signals to us that
he is not enacting an epistemic view of group work as a
collective consensus building process.
Episode 3 occurs almost at the end of the hour-long
problem solving session. By this point, the tendencies
and role-taking that we noted in Episode 1 have solidi-
fied as the students have learned or become comfortable
in these particular roles. Throughout the hour, Penny
has been interrupted, explained to, and positioned as less
knowledgeable. Yet more than 45 minutes into the ses-
sion, she continues to make space in the group for sense
making, and is still attempting to contribute to a col-
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lective sense making process rather than just listening
to Morgan and Cam’s explanations (e.g., lines 194, 251).
The interactions between the different epistemic stances
toward group work, the social dynamics, and the sense
making processes are linked to the social positioning that
we see develop in the group—Penny as less knowledge-
able and a question asker, Morgan and Cam as knowers
or explainers with positions of authority, and Sarah as
a quiet listener who is not directly acknowledged by the
other group members.
VI. DISCUSSION
In our case study analysis, we characterize the group
as being cohesive along some dimensions and not cohe-
sive along others. The three most vocal group members
appear to be on the same page about what counts as
making sense of the QM problems at hand, and they
engage in conceptually productive sense making81. We
view this epistemological alignment in contrast to other
groups of students in our data set (that are not included
in the present analysis) in which we observe an epistemo-
logical conflict because one student wants to talk about
the problems conceptually, while other students want to
plug and chug through the mathematics and get answers
to the problems. We view the sense making that the
group engages in as conceptually productive because they
demonstrate making progress toward content mastery82,
engage in metacognition, find different ways to check
their answers, and seek coherence among multiple rep-
resentations. While the group members seem to be on
the same page when it comes to epistemology of physics
(what counts as learning physics or solving physics prob-
lems), we observe different orientations toward what it
means to collaboratively generate knowledge (epistemol-
ogy of group work). Distinguishing between epistemol-
ogy of physics and epistemic stances toward group work
allows us to explore the connections between epistemol-
ogy, group work, and social positioning. We argue that
the group members enact different stances toward group
work, and that this misalignment is one factor which in-
forms, and is informed by, the social positioning of mem-
bers within the group.
We were motivated to conduct this analysis because we
noticed a puzzling phenomenon in this particular group—
the student who was steering most of the group’s sense
making (Penny) was simultaneously positioned as less
knowledgeable within the group. Second to the prompts
we gave them, the students’ work is primarily guided by
Penny’s questions and bids for sense making. Through-
out the hour, Penny largely assumes the role of the
question asker or question prompter, doing most of the
metacognitive work that moves the group’s sense making
along. Her interactions in the group are characterized
by slower, tentative speech, and thinking through ideas
out loud. Morgan and Cam assume roles as knowers and
explainers, in many instances conveying a tone of author-
ity and assuredness through their pace of speech, diction,
posture, and gestures. There are two dimensions of epis-
temic agency at play here: Penny has agency in the sense
that she is primarily controlling the topics of conversa-
tion, but Morgan, and at times Cam, have agency in the
sense that they are the ones doing the talking and ex-
plaining.
We have identified and inferred epistemic stances to-
ward group work for individual members of the group,
and see the dominance of one stance over the other mani-
fest in the social positioning of students within the group.
Time and again throughout the hour-long problem solv-
ing session, Penny tries to break in to the conversa-
tion with collective co-construction of meaning, but these
moves are not taken up by the group (e.g., lines 128, 146,
210). Instead, Cam and Morgans Explainer-Explainee
stance emerges as the dominant approach toward collab-
oration in this setting (e.g., lines 109, 217, 223). Penny is
positioned as less knowledgeable within this group, as ev-
idenced by interruptions, didactic explanations, and the
group taking up most of her contributions as questions
in need of explanation. Associated with this position-
ing, the dominant epistemic stance toward group work
incorporates an Explainer-Explainee paradigm, a stance
which is at odds with Pennys stance of Collective Con-
sensus Building.
In this analysis, we have attended to both social dy-
namics among the group of students and social position-
ing of individual members relative to the group. When
we refer to social dynamics, we are referring to the
fine-grained interactional dynamics—interruptions, tone,
body language, etc. Social positioning, on the other
hand, refers to a broader story of the roles or positions
that individual members play within the social activ-
ity and how those positions interact with or relate to
one another. The existence of, and misalignment be-
tween, two different epistemic stances toward group work
in this particular collaborative activity are intertwined
with the fine-grained social dynamics. For example, Pen-
nys speech is slow, consistent with thinking out loud
and contributing tentative ideas to a collective meaning-
making process (Collective Consensus Building), while
Morgans speech is fast and they have a tendency to jump
in and explain their understanding to Penny (Explainer-
Explainee). The confluence of these dynamics and en-
acted stances toward group work allow Penny to be in-
terrupted and explained to often, which then perpetuates
the interactional dynamics associated with the misalign-
ment of stances. In this way, the epistemic stances and
social dynamics mutually inform and feed off of one an-
other to reinforce a particular social positioning. A result
of this feedback loop is the positioning of Penny as less
knowledgeable and Morgan and Cam as authority figures.
There are some instances of unidirectionality in the
analysis, where we see the misalignment of epistemic
stances driving the social positioning. For example, in
Episode 1, we begin to see Penny positioned as less
knowledgeable because she offers tentative ideas and
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questions (aligned with Collective Consensus Building),
which open the door for her to be explained to. However,
in other instances, the directionality may go the other
way around, with the social positioning helping to rein-
force or crystallize the epistemic stances toward group
work and associated social dynamics. That is, as the
hour-long session progresses, Pennys Collective Consen-
sus Building stance and Cam and Morgans Explainer-
Explainee stance may be reinforced because Penny has
been positioned as less knowledgeable (i.e., the position-
ing of Penny as a “question asker” and Morgan and
Cam as “explainers” may provide more opportunities for
Penny to be tentative and Morgan and Cam to be author-
itative). We view the social dynamics and misalignment
of epistemic stances to be reflexively intertwined with the
social positioning; they mutually inform one another as
the interactions among students play out, resulting in a
crystallizing of the dominant Explainer-Explainee stance
while Penny is positioned as less knowledgeable as com-
pared to Cam and Morgan.
While this paper presents a case study analysis of one
group, we have examples from other groups in our data
set where we have seen this positioning happening (al-
though it unfolds in different ways in different groups).
We focus on one case study here to propose the con-
struct of epistemic stances toward group work, and doc-
ument how it can contribute to, and interact with, social
positioning of students in collaborative problem solving
environments. From the perspective of epistemological
framing, we would conclude that this group has a shared
framing of the type of activity they are engaged in—they
are all leaning in to participate, they are engaged in sense
making (as opposed to answer making)58,83, and they
have some shared understanding that this sense making
process will involve both conceptual understanding and
doing math. However, focusing on only epistemological
framing, we would miss out on the fine-grained social in-
teractional dynamics that contribute to the positioning of
individual students. The construct of epistemic stances
toward group work helps us to identify and unpack these
complicated interactions, which have implications for cre-
ating and fostering equitable group work environments.
The sense making that this particular group engages
in is beneficial for Penny, Morgan, and Cam in terms
of making progress toward content mastery. However,
there are other dimensions along which we might con-
sider the group’s interactions to be productive or unpro-
ductive. Considering who has access to certain roles or
positions, we characterize this group as inequitable, and
thus unproductive along the equity dimension29. While
Penny engages in scientific practices that we see as pro-
ductive (metacognition, checking ideas against intuition,
seeking coherence, etc.), she probably does not benefit
from always being the questioner. That is, Penny, and
the group as a whole, would likely benefit from her some-
times assuming the role of an explainer. Likewise, we see
Morgan and Cam engaged in sophisticated sense making
processes and clearly demonstrating some level of con-
tent mastery, but we posit that these students could also
benefit from engaging in practices like questioning, and
checking ideas against intuition. Additionally, through-
out the problem solving session, the group continues to
come back to the Explainer-Explainee stance where Cam
and Morgan are often explaining to Penny. Yet we imag-
ine that it would be beneficial for the group as a whole
(as well as individual members) to be able to play dif-
ferent kinds of games, sometimes incorporating an “ex-
plainer” and sometimes not. Some studies have shown
that when one individual dominates the group work, in-
dividual members of the group demonstrate lower con-
tent mastery20,29. Leupen, Kephart, and Hodges sug-
gest that group work that is interactive and construc-
tive8 is beneficial for students’ conceptual understanding
because “Constructive actions such as explaining or de-
bating ideas and posing or answering questions involve
students in generating new understandings and mak-
ing meaning. When students are interactive as well as
constructive, taking turns and building on one anothers
thoughts, they draw on the power of socially mediated
learning to prod each other along paths in their thinking
that they would otherwise not take”40 (p. 2). Theobald
et al, in a study of how group dynamics impact student
learning of biology, also found that inequitable participa-
tion in group work settings helped to perpetuate social
status of students in the group29. Likewise, in our case
study we see the social positioning of students within the
group informing and being informed by the misalignment
of students epistemic stances toward group work. Yet our
analysis is more complicated than just a dominant indi-
vidual or “personality hindering productive group work;
while the dominance of Cam and Morgans Explainer-
Explainee stance may be a barrier to equitable participa-
tion in the group47, Penny is not just a “timid and “silent
record keeper20. Rather, Pennys ideas drive the groups
sense making while Morgan does most of the math and
Cam and Morgan do most of the explaining. In this way,
each of the three students (Penny, Morgan, and Cam)
have some form of epistemic agency.
The interactions we observed among this group of stu-
dents are in line with the documented gendered speech
patterns and social discourse norms in science and engi-
neering that favor masculine ways of engaging in conver-
sation16,75,76. Motivated to understand the positioning of
members within this group and the potential discounting
of a female student who steers the groups sense making,
we zoom in on epistemological aspects of these social in-
teractions. Although we do not directly address the gen-
dered interactions in the present analysis, focusing on the
intertwining of epistemology and social dynamics may
provide one plausible mechanism for the gendered inter-
actions and resulting social positioning. That is, investi-
gating the interactions between epistemology and social
dynamics gives us some insight into how this social po-
sitioning can happen in a collaborative problem solving
setting. We attend to this epistemological aspect as a
first step, and then in future work will dive more deeply
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into understanding the roles that gender, power dynam-
ics, and ideology play in creating and driving interactions
in this group problem solving setting.
VII. CONCLUSIONS AND IMPLICATIONS
We frequently ask students to work together in our
physics classes, and while there are some instances where
we attend to the group work by assigning roles or con-
structing groups based on gender or performance lev-
els20,21, it is not a leading discourse in the physics ed-
ucation community to consider how to support students
in engaging in group work productively and equitably.
Through this exploratory analysis, we echo the calls of
other researchers28,41,47,49–51,57 to not only implement
group work in our physics classes, but to attend to
the dynamics among students, investigate factors that
contribute to collaborative environments, and construct
group work settings that promote equity. Motivated
by the observation that one student (Penny) continually
steered the group’s sense making and was simultaneously
positioned as less knowledgeable, we investigated the in-
teractions between social dynamics and epistemology.
Through our analysis we see that it is not as simple
as Morgan having more epistemic agency at the expense
of Penny having less. Instead, we look at multiple di-
mensions of epistemic agency: who is controlling the
topic, and who is doing most of the talking. We in-
ferred students’ epistemic stances toward group work—
their stances about what it means to generate and apply
knowledge in a group—and explored the ways in which
the misalignment of these stances between individual stu-
dents and the dominance of one stance over the other in
the group as a whole contributed to, and was reinforced
by, the social positioning of Penny as less knowledgeable.
The misalignment of the two different stances, along
with the roles the students assume and the ways in which
they engage in discourse, are intricately linked with the
social positioning of Penny as less knowledgeable and
Cam and Morgan as occupying positions of authority.
We recognize that there are many factors at play in this
social problem solving setting, including gender, power
dynamics, and cultural norms and discourse patterns,
and we identify the misalignment of epistemic stances
toward group work (and the dominance of one over the
other) as one factor that contributes to, and is also in-
formed by, the social positioning of students within the
group.
We might consider possible reasons that the Explainer-
Explainee stance dominates the group in this particular
setting: Is it because there are more students in the group
aligned with this particular stance (Cam and Morgan)
than the other (Penny)? Or because the students aligned
with this stance present as masculine? Or maybe it is
because of the stance itself, as a more aggressive form of
generating knowledge? Or perhaps because the more in-
dividualistic stance is more aligned with broader cultural
norms in physics (or physics education)? Likely, most (or
all) of these are at play. With the present analysis, we
cannot answer these questions about why the Explainer-
Explainee stance comes to dominate the group, but note
that this is undoubtedly a complex phenomenon, and at-
tending to epistemic stances toward group work is just
one piece of the puzzle. The Collective Consensus Build-
ing and Explainer-Explainee stances embody different hi-
erarchies; a forthcoming paper will include a complemen-
tary analysis of this same group that takes an even finer-
grained look at how the local interactional dynamics re-
produce, and derive from, broader patterns of discourse
and cultural practices, and how power dynamics play a
role in the interactions and social positioning16,84.
Understanding how multiple factors interact to privi-
lege or exclude contributions from students in a group is
a first step in learning how to cultivate, and support stu-
dents in cultivating, equitable group work. The specific
analysis we have presented is not meant to be general-
izable to other groups of students or other contexts; ev-
ery local situation will have different epistemological and
social factors that contribute to how a group problem
solving session might play out. However, the construct
of epistemic stances toward group work can be applied
in many situations within physics (or other discipline-
based) education research. We have provided an example
of how to attend to epistemic stances toward group work
among a group of students, and demonstrated its utility
as a tool for investigating interactions among students.
Identifying students epistemic stances toward group work
may be a helpful tool for instructors and researchers in
working towards cultivating equitable group work.
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